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(54) Thin film magnetic head 

(57) A thin film magnetic head includes an upper 
shield section, a lower shield section and a magnetore- 
sistance device section between the upper shield sec- 
tion and the lower shield section. The magnetoresist- 



ance device section is connected to the upper shield 
section and the lower shield section through conductive 
layers. Current flows through the magnetoresistance 
device section via the upper shield and the lower shield. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a thin film magnetic 
head employing a magnetoresistance effect device 
(hereinafter, referred to as an MR device). In particular, 
the present invention relates to a thin film magnetic head 
for significantly high density magnetic recording having 
a remarkably narrow shield gap length. 

2. DESCRIPTION OF THE RELATED ART 

A thin film magnetic head employing an MR device 
have long been under development. Figure 6 shows a 
cross-sectional view of a thin film magnetic head having 
a conventional MR device. 

The conventional thin film magnetic head 200 in- 
cludes a recording head section 180 and a reproducing 
head section 190. The recording head section 180 in- 
cludes head cores 12 and 13 formed of magnetic sub- 
stances, and a recording gap l4 formed of a non-mag- 
netic insulating film. In addition, a winding conductor 11 
is provided through the non-magnetic insulating film. In 
the recording head section 180, a magnetic field gener- 
ated by current flowing through the winding conductor 
11 is converged to the head cores 12 and 13, and thus 
recording to a medium is performed by the magnetic 
field leaked from the recording gap 14. This type of re- 
cording head section 180 is referred to as an inductive 
type recording head. 

On the other hand, the reproducing head section 
190 includes an upper shield 13 (functioning as the re- 
cording head core 13) and a lower shield 16 formed of 
magnetic films, and an MR device section 1 5 in a shield 
gap 1 7 between the upper and lower shields 1 3 and 1 6. 
The MR device section 15 is insulated from the upper 
shield 1 3 and the lower shield 1 6 by insulating films 1 8. 
A lead section 19 is formed so as to supply current in a 
direction of the plane of the thin film MR device section 
15. Conventionally, as a material for the MR device sec- 
tion 15, a permalloy (e.g., Nio gFeo.a) 's used. The repro- 
ducing head section 190, which is a magnetoresistance 
effect type head, detects a change in a signal magnetic 
field from a medium as a change in the electric resist- 
ance of the MR device section 1 5, and this makes it pos- 
sible for the head section 190 to read out a signal re- 
corded in the medium. 

However, the following problems arise in achieving 
high density recording when the conventional technique 
described above Is used. Since a shield gap length (de- 
noted by dgg in Figure 6) is required to be equal to or 
shorter than the shortest signal wavelength to be repro- 
duced, it is necessary to further reduce the thicknesses 
of the insulating films 18 and the MR device section 15 
with further development of high density recording. In 



the future, the shield gap length is expected to be about 
100 nm or less, and there will be a need for the thickness 
of the insulating film 1 8 to be about 50 nm or less. How- 
ever, to the detriment of achieving high density record- 
5 ing, it is technically difficult to form an insulating film hav- 
ing a th ickness of about 50 nm or less and maintain good 
insulating properties. 

SUMMARY OF THE INVENTION 

10 

A thin film magnetic head according to the present 
invention includes an upper shield section, a lower 
shield section and a magnetoresistance device section. 
The magnetoresistance device section is between the 
IS upper shield section and the lower shield section. The 
magnetoresistance device section is connected to the 
upper shield section and the lower shield section 
through conductive layers. Current flows through the 
magnetoresistance device section via the upper shield 
20 and the lower shield. 

In one embodiment of the invention, the magnetore- 
sistance device section includes a multilayer structure 
exhibiting a giant magnetoresistance effect. 

In another embodiment of the invention, the current 
25 flows in a direction substantially perpendicular to a plane 
of the multilayer structure. 

In still another embodiment of the invention, the 
multilayer structure includes a soft magnetic film. The 
magnetization easy axis of the soft magnetic film is sub- 
so stantially orthogonal to a direction of a magnetic field to 
be detected. 

In yet another embodiment of the invention, the mul- 
tilayer structure includes a hard magnetic film, a soft 
magnetic film and a non-magnetic film formed between 
35 the hard magnetic film and the soft magnetic film. The 
magnetization easy axis of the hard magnetic film sub- 
stantially agrees with a direction of a magnetic field to 
be detected. 

In one embodiment of the invention, the thin film 
40 magnetic head further includes an interface magnetic 
film mainly composed of Co having a thickness of about 
0.1 to 1 nm at least one of interfaces between the non- 
magnetic film and the hard magnetic film and between 
the non-magnetic film and the soft magnetic film. 
46 In another embodiment of the invention, the mag- 
netoresistance device section includes a plurality of 
multilayer structures. 

In still another embodiment of the invention, the 
magnetoresistance device section includes a plurality of 
50 multilayer structures. 

In yet another embodiment of the invention, the 
magnetoresistance device section further includes a 
non-magnetic film between the plurality of multilayer 
structures. 

55 In one embodiment of the invention, the magnetore- 
sistance device section further includes a non-magnetic 
film between the plurality of multilayer structures. 

In another embodiment of the invention, the multi- 
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layer structure includes a metal anti-ferromagnetic film, 
a first magnetic film magnetically coupled to the metal 
anti -ferromagnetic film, a soft magnetic film and a non- 
magnetic film formed between the first magnetic film and 
the soft magnetic film In this order. The magnetization 
easy axis of the first magnetic film substantially agrees 
with a direction of a magnetic field to be detected. 

In still another embodiment of the Invention, the 
multilayer structure further includes an interface mag- 
netic film mainly composed of Co having a thickness of 
about 0.1 to 1 nm at least one of interfaces between the 
non-magnetic film and the first magnetic film and be- 
tween the non -magnetic film and the soft magnetic film. 

In yet another embodiment of the invention, the 
magnetoresistance device section includes a plurality of 
multilayer structures. 

In one embodiment of the invention, the magnetore- 
sistance device section includes a plurality of multilayer 
structures. 

In anther embodiment of the invention, the magne- 
toresistance device section further includes a non-mag- 
netic film between the plurality of multilayer structures. 

tn still another embodiment of the invention, the 
magnetoresistance device section further includes a 
non-magnetic film between the plurality of multilayer 
structures. 

In yet another embodiment of the invention, the 
non-magnetic film includes a first non-magnetic film, a 
second non-magnetic film and a third non-magnetic film 
Interposed between the first non-magnetic film and the 
second non-magnetic film. The second non-magnetic 
film has a thickness of about 0.1 to 1 nm and is formed 
of a different material from the first non-magnetic film 
and the second non-magnetic film. 

tn one embodiment of the invention, the non-mag- 
netic film includes a first non-magnetic film, a second 
•non-magnetic film and a third non-magnetic film Inter- 
posed between the first non-magnetic film and the sec- 
ond non-magnetic film. The second non-magnetic film 
has a thickness of about 0.1 to 1 nm and is formed of a 
different material from the first non-magnetic film and 
the second non-magnetic film. 

In another embodiment of the invention, the soft 
magnetic film is mainly composed of NixCoyFe^, where 
X is 0.6 to 0.9, Y is 0 to 0.4 and Z is 0 to 0.3 in an atomic 
composition ratio. 

In still another embodiment of the invention, the soft 
magnetic film is mainly composed of Nix'CoY-Fe2-, 
where X' is 0 to 0.4, Y' is 0.2 to 0.95 and Z' Is 0 to 0.5 in 
an atomic composition ratio. 

In yet another embodiment of the invention, the soft 
magnetic film is formed of an amorphous material. 

In one embodiment of the invention, the non-mag- 
netic film Is formed of any one of materials selected from 
Cu, Ag and Au. 

In another embodiment of the invention, the non- 
magnetic film is formed of any one of materials selected 
from Cu, Ag and Au. 



In still another embodiment of the invention, the first 
and second non-magnetic films are formed of Cu, and 
the third non-magnetic film is formed of Ag. 

In yet another embodiment of the invention, the first 
5 and second non-magnetic films are formed of Cu, and 
the third non-magnetic film is formed of Ag. 

In one embodiment of the invention, the non-mag- 
netic film is an oxide thin film. 

In another embodiment of the invention, the non- 
10 magnetic film is an oxide thin film. 

In still another embodiment of the invention, the ox- 
ide thin film is formed of aluminum oxide. 

In yet another embodiment of the invention, the ox- 
ide thin film is formed of aluminum oxide. 
15 In one embodiment of the invention, the hard mag- 
netic film Is formed of a material mainly composed of Co. 

In another embodiment of the invention, a ratio of 
remnant magnetization to a saturation magnetization of 
the hard magnetic film is about 0.7 or more. 
20 In still another embodiment of the invention, the 
metal ant i -ferromagnetic film is formed of any one of ma- 
terials selected from NilVln, IrMn and PtMn. 

In one embodiment of the invention, the multilayer 
structure includes a pair of magnetic films and a non- 
25 magnetic film interposed between the pair of magnetic 
films. The pair of magnetic films are a pair of soft mag- 
netic films coupled in an anti-ferromagnetic exchange 
interaction. 

In another embodiment of the invention, the mag- 

30 neto resistance device section includes a plurality of 
multilayer structures. 

In still another embodiment of the invention, the 
non-magnetic film is formed of any one of materials se- 
lected from Cu, Ag and Au. 

35 According to the thin film magnetic head of the 
present invention, since the MR device section and the 
upper shield and the lower shield are connected to each 
other by conductive layers, the upper shield and the low- 
er shield function as the lead section as well. The con- 

40 ductive layers can be easily made as thin as about 20 
nm or less. Therefore, the thin film magnetic head of the 
present invention does not require very thin insulating 
films between the MR device section and the shields, 
thus eliminating the problems involved with minimizing 

45 gap in the insulating film and making the thickness of 
the MR device section very thin. 

Furthermore, when the multilayer structure (artifi- 
cial multilayers) exhibiting a giant magnetoresistance 
effect (GMR) Is used in the MR device section, the mul- 

50 tilayer structure exhibits a larger MR ratio in the case 
where the direction of sense current is perpendicular to 
the film plane than in the case where It is parallel to the 
plane direction (see, for example, J. Appl. Phys., 75(1 0), 
1 5 May (1 994) pp. 6709 - 671 3). Therefore, a larger re- 

55 production output can be obtained. 

Thus, the invention described herein makes possi- 
ble the advantage of providing a thin film magnetic head 
for very high density magnetic recording having a re- 
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markably narrow shield gap length. 

This and other advantages of the present invention 
will become apparent to those skilled in the art upon 
reading and understanding the foliowing detailed de- 
scription with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of a part of a thin 
filnn nnagnetic head according to the present inven- 
tion; 

Figure 2A is a cross-sectional view of an MR device 
section having a basic structure used in the mag- 
netic head according to the present invention; 

Figure 2B is a cross-sectional view of a stacked 
type MR device section having a plurality of the 
structure shown in Figure 2A; 

Figure 3A is a cross -sectional view of another MR 
device section having a basic structure used in the 
magnetic head according to the present invention; 

Figure 3B is a cross-sectional view of a stacked 
type MR device section having a plurality of the 
structure shown in Figure 3 A; 

Figure 4A is a cross-sectional view of stili another 
MR device section having a basic structure used in 
the magnetic head according to the present inven- 
tion; 

Figure 4B is a cross-sectional view of a stacked 
type MR device section having a plurality of the 
structure shown in Figure 4A; 

Figure 5A is a cross-sectional view of still another 
MR device section having a basic structure used in 
the magnetic head according to the present inven- 
tion; 

Figure SB is a cross-sectional view of a stacked 
type MR device section having a plurality of the 
structure shown In Figure 5A; and 

Figure 6 Is a cross-sectional view of a conventional 
thin film magnetic head. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 shows a cross-sectional view of a thin film 
magnetic head 100 according to the present invention. 
The thin film magnetic head 100 includes a recording 
head section 20 and a reproducing head section 30. The 
recording head section 20 includes an upper head core 
2 and a lower head core 3 formed of magnetic substanc- 



es, and a recording gap 4 formed of a non-magnetic in- 
sulating film. In addition, a winding conductor 1 is pro- 
vided through the non-magnetic insulating film forming 
the recording gap 4. In the recording head section 20, 

5 a magnetic field generated by current flowing through 
the winding conductor 1 is converged to the upper head 
core 2 and the lower head core 3, and thus recording to 
a medium is performed by the magnetic field leaked 
from the recording gap 4. This type of recording head is 

10 referred to as an inductive type recording head. The 
general structure of the recording head section 20 Is the 
same as that of the conventional thin film magnetic head 
section 200 shown in Figure 6. 

The reproducing head section 30 Includes an upper 

IS shield 3 (functioning as the lower head core 3 of the re- 
cording head section 20) and a lower shield 6 formed of 
magnetic films, and an MR device section 5 disposed in 
a shield gap 7 between the upper and lower shields 3 
and 6. The structure of the reproducing head section 30 

20 is different from that in the conventional thin film mag- 
netic head. 

The MR device section 5 in the shield gap 7 is in- 
terposed between the upper shield 3 and the lower 
shield 6 via conductive layers 10a and 10b. The upper 

25 shield 3 and the lower shield 6 function as a lead section 
for supplying sense current to the MR device section 5 
as well. The upper and lower shield 3 and 6 are made 
of a metal material (e.g., Fe-Sl-Al or the like) having an 
electric conductivity. An insulating film 8 is formed in a 

30 portion where the MR device section 5 is not disposed 
in the shield gap 7. In the thin film magnetic head 100 
according to the present Invention, sense current flows 
in a direction perpendicular to the plane of the thin film 
MR device section 5. 

35 In the conventional thin film magnetic head 200, the 
MR device section 15 is interposed between the upper 
shield 13 and the lower shield 16 via the insulating films 
18. On the other hand, in the thin film magnetic head 
100 of the present invention, the MR device section 5 is 

40 interposed between the upper shield 3 and the lower 
shield 6 via the conductive layers 10a and 10b. Since It 
Is possible to more easily make the conductive layers 
very thin than the insulating films, the conductive layer 
10a and 10b can be formed to a thickness of about 20 

45 nm or less. Therefore, according to the present inven- 
tion, the problems associated with the above-mentioned 
conventional techniques with respect to minimizing the 
gap of the insulating film and making the thickness of 
the MR device section very thin are overcome. 

50 Furthermore, a permalloy (single layer) used as the 
magnetic material in the conventional MR device sec- 
tion does not exhibit a magnetoreslstance effect, even 
if sense current flows in a direction perpendicular to the 
magnetic layer (in a direction of the thickness of the lay- 

55 er). Therefore, even if the structure of the present inven- 
tion is applied to that case, the thin film magnetic head 
does not sufficiently function as such. It is preferable to 
employ artificial multilayers (multilayer structure) which 
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exhibit a giant magnetoresistance effect (GMR) as the 
MR device section 5 in the thin film magnetic head of 
the present invention. This is because the artificial mul- 
tilayers having a GMR exhibit a larger ratio of change In 
magnetoresistance (hereinafter, referred to as an MR 
ratio) In the case where the sense current flows in the 
direction perpendicular to the film plane than in the case 
where it flows in a direction parallel to the film plane. 
The MR ratio is defined by the following equation: 

MR ratio (%) = (R(maximum) - 

R(minimum))/R(minimum) x 100 

Next, an example of the MR device section having 
a multilayer structure suitably employed in the thin film 
magnetic head of the present invention will be described 
below. 

An MR device section (multilayer structure) 50 
shown in Figure 2A includes a hard magnetic film 51 , a 
soft magnetic film 53 and a non-magnetic film 52 inter- 
posed between the hard magnetic film 51 and the soft 
magnetic film 53. The non-magnetic film 52 is formed in 
order to weaken magnetic coupling between the hard 
magnetic film 51 and the soft magnetic film 53. A mate- 
rial which has a good square feature of magnetization 
curve is preferable for the hard magnetic film 51, and 
preferably, the hard magnetic film 51 Is formed in such 
a manner that the direction of the magnetic field (a signal 
magnetic field of the medium or the like) to be detected 
is identical with the magnetization easy axis direction of 
the hard magnetic film 51. In the MR device section 50, 
only the magnetization direction of the soft magnetic film 
53 is rotated (inverted) by the signal magnetic field, and 
the magnetization direction of the hard magnetic film 51 
is not rotated. Thus, the electric resistance varies de- 
pending on the angle formed by the directions of the 
magnetization of the soft magnetic film S3 and the mag- 
netization of the hard magnetic film 51. It is preferable 
that the magnetization easy axis of the soft magnetic 
film be substantially orthogonal to the direction of a mag- 
netic field to be detected in order to obtain an output 
which provides good linearity and reduced noise. 

In this specification, a magnetic film having a coer- 
cive force of 100 Oe or more is referred to as "a hard 
magnetic film", and a magnetic film having a coercive 
force of 20 Oe or less is referred to as "a soft magnetic 
film". 

The operation principle of the MR device section 50 
will be described below. In the case where the hard mag- 
netic film 51 is unidirectionally magnetized by a ferro- 
magnetic field, when a weak signal magnetic field hav- 
ing a direction opposite to the direction in which the hard 
magnetic film 51 is magnetized is applied to the MR de- 
vice section 50, the magnetization of the hard magnetic 
film 51 is not rotated, but the magnetization of the soft 
magnetic film 53 is rotated to the direction of the signal 



magnetic field. As a result, the magnetization direction 
of the hard magnetic film 51 is anti-parallel to the mag- 
netization direction of the soft magnetic film S3. When 
the magnetization direction of the hard magnetic film 51 
s is anti-parallel to that of the soft magnetic film 53, the 
electrons in a current flowing through the MR device 
section 50 is subjected to magnetic scattering, mainly 
at interfaces between the hard magnetic film 51 and the 
non-magnetic film 52, and between the non-magnetic 

10 film 52 and the soft magnetic film 53. As a result, the 
electric resistance of the MR device section 50 increas* 
es. On the other hand, when a weak signal magnetic 
field having the same direction as the direction in which 
the hard magnetic film 51 Is applied to the MR device 

15 section 50, the magnetization direction of the hard mag- 
netic film 51 is parallel to that of the soft magnetic film 
53. As a result, the above-mentioned magnetic scatter- 
ing is reduced so that the electric resistance of the MR 
device section 50 is reduced. On the basis of the above- 

20 mentioned principle, the MR device section 50 varies its 
electric resistance depending on the change in the sig- 
nal magnetic field. As described above, the change in 
the electric resistance is caused by magnetic scattering 
of electrons at the interfaces of the multilayer structure. 

25 Therefore, the change in the electric resistance be- 
comes larger with respect to the current flowing in a di- 
rection perpendicular to the main plane of the MR device 
section 50. The main plane of the MR device section 50 
refers a plane parallel to the plane defined by each layer 

30 constituting the multilayer structure and perpendicular 
to the stacked direction of the multilayer structure. 

If necessary, a conductor line for a bias magnetic 
field for applying a bias magnetization to the above- 
mentioned MR device section 50 having the multilayer 

35 structure can be provided in the vicinity of the MR device 
section 50. Alternatively, in order to make at least the 
soft magnetic film 53 of the MR device section 50 into a 
single magnetic domain, an anti-ferromagnetic film or a 
hard magnetic film may be further attached to the end 

40 of the MR device section 50. This is true for the struc- 
tures described later. 

Figure 2B shows another structure of an MR device 
section preferably employed in the present invention. An 
MR device section 50' shown in Figure 2B has a struc- 

45 ture where a multilayer of [the hard magnetic film 51 / 
the non-magnetic film 52 / the soft magnetic film 53] 
shown in Figure 2A is stacked a plurality of times via the 
non-magnetic film 52. Such a stacked structure is rep- 
resented by [the hard magnetic film 51 / the non-mag- 

50 netic film 52 / the soft magnetic film 53 / the non-mag- 
netic film 52]" (N indicates the number of repetitions). 
By adopting such a stacked structure, the magnetic 
scattering at the interfaces between the respective films 
increases. Therefore, in the case where there is room 

55 in the shield gap length, by employing the above-men- 
tioned multilayer structure, an MR device having a larger 
MR ratio can be obtained. 

Figure 3A shows an MR device section 60 in which, 
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in the sandwich-type MR device section 50 shown in 
Figure 2A, a magnetic film 53' (hereinafter, referred to 
as an interface magnetic film) is inserted at the interface 
between the hard magnetic film 51 and the non-mag- 
netic film 52. However, it should be appreciated that the 
interface magnetic film 53' may be formed between the 
non-magnetic film 52 and the soft magnetic film 53. It is 
sufficient that the magnetic characteristics of the inter- 
face magnetic film 53' do not impair the magnetic char- 
acteristics of the magnetic film in contact with the inter- 
face magnetic film 53'. More specifically, in the case 
where the interface magnetic film 53' is Inserted be- 
tween the hard magnetic film 51 and the non-magnetic 
film 52, it is sufficient that the combination of the inter- 
face magnetic film 53' and the hard magnetic film 51 
functions as a hard magnetic film. In the case where the 
Interface magnetic film 53' is inserted between the soft 
magnetic film S3 and the non-magnetic film 52, it is suf- 
ficient that the combination of the interface magnetic film 
53' and the soft magnetic film 53 functions as a soft mag- 
netic film. 

Figure 3B shows an MR device section 60' in which, 
in the stacked-type MR device section 50' shown in Fig- 
ure 2B, an interface magnetic film 53' is inserted be- 
tween the hard magnetic film 51 and the non-magnetic 
film 52. In Figure 3B, the interface magnetic film 53' ts 
provided on both faces of the hard magnetic film 51, but 
it is also appreciated that the interface magnetic film S3' 
may be provided on only one face of the hard magnetic 
film 51. The MR device section 60' shown In Figure 3B 
shows a larger MR ratio, as compared with the MR de- 
vice section 60 shown in Figure 3A. 

In the case where the stacked-type MR device sec- 
tion shown in Figures 2B and 3B is used, it is preferable 
that the respective thicknesses of the hard magnetic film 
51, the non-magnetic film 52, the soft magnetic film 53 
and the interface magnetic film 53' are not very large in 
view of the mean free path of electrons. More specifi- 
cally, it is preferable that the respective thicknesses are 
about 6 nm or less. Furthermore, although the MR ratio 
increases with increasing the number of stacks of com- 
ponents, the effect is remarkably observed when the 
components are stacked three times or more. The effect 
is substantially saturated when the components are 
stacked ten times or more. 

Figures 4A and 4B show other examples of a mul- 
tilayer structure using an anti-ferromagnetic film in an- 
other structure of the MR device section according to 
the present invention. 

An MR device section(multilayer structure) 70 
shown in Figure 4A has a structure where a metal anti- 
ferromagnetic film 54, a magnetic film 51', a non-mag- 
netic film 52, an interface magnetic film 53' and a soft 
magnetic film 53 are stacked In this order. The magnetic 
film 51 ' and the metal anti-ferromagnetic film 54 stacked 
thereon function in the same manner as the hard mag- 
netic film 51 of the MR device section shown in Figures 
2A and 3 A. Alternatively, the interface magnetic film S3' 



can be omitted. The non-magnetic film 52 interposed 
between the magnetic film 51 ' and the soft magnetic film 
S3 is formed in order to weaken magnetic coupling be- 
tween the magnetic film 51' and the soft magnetic film 

5 53. Furthermore, the interface magnetic film 53' im- 
proves magnetic scattering of electron spin at the inter- 
face, thus advantageously raising the MR ratio. The in- 
terface magnetic film 53' may be formed between the 
non-magnetic film 52 and the magnetic film 51', or may 

to be formed on both faces of the non-magnetic film 52. A 
thickness of the interface magnetic film 53' is preferably 
about 0.1 to about 2 nm, and more preferably in the 
range of about 0.5 to about 1.5 nm, and the interface 
magnetic film 53' is preferably formed of a material 
mainly composed of Co (over 50 atomic % in the case 
of a binary system, and over 33.3 atomic % in the case 
of a ternary system). 

In the MR device section 70, only the magnetization 
of the soft magnetic film 53 is rotated by the signal mag- 

20 netic field, and the magnetization of the magnetic film 
51' is not rotated. The electric resistance varies depend- 
ing on the angle formed by the directions of the magnet- 
ization of the soft magnetic film 53 and the magnetiza- 
tion of the magnetic film 51 '. The MR device section 70 

25 is preferably formed in such a manner that the magnet- 
ization easy axis direction of the magnetic film 51' is 
identical with the direction of the signal magnetic field. 

Furthermore, in the case where there is room in the 
shield gap length, as shown in Figure 4B, when the 

30 structural unit shown in Figure 4A is stacked a plurality 
of times to form the MR device section 70', a further larg- 
er MR ratio can be obtained. 

In the above-mentioned MR device section, espe- 
cially, when another non-magnetic film of 0.1 to 1 nm . 

35 having an effect of weakening magnetic coupling be- 
tween the magnetic films is further provided in the non- 
magnetic film, the magnetization of the soft magnetic 
film section is rotated more smoothly, resulting in an im- 
provement of the magnetic field sensitivity of the MR de- 

40 vice section. In this case, when Cu is used as a material 
for the non-magnetic film, and Ag as a material for the 
non-magnetic film, more significant effect can be ob- 
tained. 

Furthermore, when the soft magnetic film is mainly 
4^ composed of Ni^COyFe^ (where X is 0.6 to 0.9, Y is 0 to 
0.4 and Z is 0 to 0.3 in an atomic composition ratio), a 
MR device section having good sensitivity can be ob- 
tained. When the soft magnetic film is mainly composed 
of Nix'CoY'Fezi (where X' Is 0 to 0.4, Y' is 0.2 to 0.95 and 
50 z' is 0 to 0.5 in an atomic composition ratio), an MR de- 
vice section which shows a relatively large MR ratio can 
be obtained. When an amorphous magnetic film such 
as Co-Mn-B, Co-Fe-B or the like is used as a material 
for the soft magnetic film, The obtained MR device sec- 
55 tion exhibits soft magnetism even if it has thin thickness, 
and exhibits the GMR characteristics. 

It is preferable to use a metal material as a material 
for the non-magnetic film, and it Is especially preferable 
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to use any one of Cu, Ag and Au, because the obtained 
MR device section exhibits good GMR characteristics. 
The non-magnetic film may be formed of a tunnel Gf^R 
film made of a thin oxide thin film. In this case, since the 
electric resistance of the MR device section can be suf- 
ficiently enlarged with respect to the lead section, the 
MR device section can be made significantly thin. Thus, 
a thin film magnetic head having a very narrow shield 
gap can be easily formed. An oxide of Al (Af203) is de- 
sirable as a material for the oxide thin film. Furthermore, 
the non-magnetic film may be a film formed of a mixture 
of an oxide and a metal (e.g., a film where a column-like 
conductor exists as a conducting channel in the oxide). 

When the hard magnetic film is mainly composed 
of Co (over 50 atomic % in the case of a binary system, 
and over 33.3 atomic % in the case of a ternary system), 
a large MR ratio can be obtained. It is preferable that 
the magnetization curve of the hard magnetic film pref- 
erably used in the present invention has a good square 
feature. In this specification, a "good square feature" is 
defined so that the square ratio S (= remnant magneti- 
zation/saturation magnetization) is 0.7 or more. When 
the square ratio S is smaller than 0.7, the MR curve in 
the vicinity of the zero magnetic field deteriorates. The 
deterioration of the MR curve in the vicinity of the zero 
magnetic field causes the reproduction sensitivity and 
the linearity of the magnetoresistive type head. It is de- 
sirable that the square ratio of the hard magnetic film be 
0.7 or more in order to obtain a MR device section hav- 
ing good linearity and a large MR ratio. 

A metal material having conductivity is preferable 
as a material for the anti-ferromagnetic film. More spe- 
cifically, NiMn, IrMn and PtMn can preferably be used. 
An oxide anti-ferromagnetic substance is not preferable, 
because it usually exhibits anti-ferromagnetism only 
when its thickness is 1 0 to 50 nm or more, and the elec- 
tric resistance is high. 

As the structure of the MR device section, struc- 
tures other than the above-mentioned structure can be 
used, such as MR device sections 80 and 80' shown in 
Figures 5A and SB. The MR device section 80 includes 
two magnetic films 81 and 81 ' of the same type (i.e., two 
soft magnetic films or two hard magnetic films), which 
are coupled in an anti-ferromagnetic exchange interac- 
tion via a non-magnetic film 82 such as Cu, Ag, Au or 
the like. Altematively, the MR device section 80' having 
a structure where the above-mentioned structure is 
stacked a plurality of times may be used. A large MR 
ratio can be obtained with this structure. However, the 
sensitivity is deteriorated to some extent with this struc- 
ture. It is preferable that the two magnetic films 81 and 
81 ' be soft magnetic films to reduce the degradation of 
the sensitivity 

The hard magnetic film and the soft magnetic film 
can be formed of the above-mentioned materials. In the 
case where the thickness of the non-magnetic film 82 is 
in the vicinity of 2 nnn, the two magnetic films 81 and 81 ' 
are coupled in an anti-ferromagnetic exchange interac- 



tion. In such MR device sections 80 and 80', a large MR 
ratio can be obtained, but the sensitivity is less satisfac- 
tory than that of the MR device section described earlier 
However, they can be applied to some uses. 

£ 

Examples 

Hereinafter, the present invention will be described 
by way of examples. 

10 

Example 1 

In Example 1 , a thin film magnetic head 100 (Figure 
1) having an MR device section SO' shown in Figure 2B 
15 is fabricated as follows. First, a Fe-Si-AI film (having a 
thickness of about 2 p-m) is formed on a substrate (e.g., 
a glass substrate) by sputtering to form a lower shield 
6. A Cu film having a thickness of about 20 nm is formed 
thereon by patterning to form a conductive layer 10a, 
20 The MR device section 50' (having a thickness of about 
60 nm) made of [CoosoFeggo (3 nm)/Cu(2 nm)/ 
Nio e8f^®o.2oC!Oo.i2{"'3 nm)/Cu(2 nm)p is formed on the 
conductive layer 10a by sputtering. A Cu film having a 
thickness of about 20 nm is formed on the MR device 
25 section 50' by sputtering and patterned to form a con- 
ductive layer 10b. Thereafter, an Si3N4 film having a 
thickness of about 100 nm is formed as an insulating 
film by a reactive sputtering method. After throughholes 
are opened in the MR device section 50', a Fe-Si-AI 
30 (having a thickness of about 2 nm) is formed by sputter- 
ing to form an upper shield 3. 

Thereafter, a non-magnetic insulating film 4 having 
a winding conductor 1 and a head core 2 are formed to 
complete the thin film magnetic head 100. The non- 
55 magnetic insulating film 4 and the head core 2 can be 
formed by a known material and a known production 
method. The obtained thin film magnetic head 100 hav- 
ing a narrow shield gap length (about 100 nm) provides 
a sufficient reproduction output. 

40 

Example 2 

A thin film magnetic head of Example 2 is fabricated 
in the same manner as Example 1, except that the MR 

45 device section 50' is replaced by the MR device section 
70 shown in Figure 4A. 

The MR device section 70 in Example 2 has a mul- 
tilayer structure of [lro.2o'^f^o.Bo(''0 nnn)/Coo,5oFeo (4 
nm)/Al203(5 nm)/Co(0.8 nm)/Nio,68Feo.2o'^Oo.i2('' 0-2 

so nm)] (a thickness of about 70 nm). As conductive layers 
10a and 10b, Cu films having a thickness of about 15 
nm are formed. The thin film magnetic head of Example 
2 also provides sufficient reproduction output as in Ex- 
ample 1. 

55 

Exannple 3 

A thin film magnetic head of Example 3 is fabricated 
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in the same manner as Example 2, except that Ni-Fe- 
Co is used as the material for the lower shield 6, and the 
MR device section 70 is replaced by the MR device sec- 
tion 70 described below. 

The MR device section 70 In Example 3 has a mul- 
tilayer structure of [Iroao^nQ go{8 nm)/Co(3 nmyAlgOg 
(5 nm)/Coo.9oFeo.To{1 nm)/CoMnB(2 nm)) (a thickness 
of about 19 nm). As conductive layers 10a and 10b, Cu 
films having a thickness of about 20 nm are formed. As 
an insulating film, an Si3N4 film having a thickness of 
about 60 nm is formed. The feature of this multilayer 
structure iies in that CoMnB which is amorphous is used 
as the material for the soft magnetic film. Although the 
thin film magnetic head of Example 3 has a narrow 
shield gap length of about 60 nm, it also provides a suf- 
ficient reproduction output as in Example 1. 

Example 4 

A thin film magnetic head of Example 4 is fabricated 
in the same manner as Example 1 , except that the MR 
device section 50' in Example 1 is replaced by the MR 
device section 80' shown in Figure SB. 

The MR device section 80' in Example 4 has a mul- 
tilayer structure of [Nio,68Coo.2oFeo.i2{3 nrn)/ Cu(2 nm) 
/Coo jFeo.2oNio.io(2"'^K*^"(2nm)]^ (having a thickness 
of about 60 nm). Although the thin film magnetic head 
of Example 4 has slightly lower sensitivity, it also pro- 
vides a sufficient reproduction output as in Example 1. 

Comparative Example 1 

In Comparative Example 1 , a conventional thin film 
magnetic head 200 shown in Figure 6 is fabricated as 
follows. First, a Fe-Si-AI film (having a thickness of 
about 2 (im) is formed on a glass substrate by sputtering 
to form a lower shield 16. Next, an Si3N4 film having a 
thickness of about 40 nm is formed by a reactive sput- 
tering method to form an insulating film 18 (in the lower 
portion). The MR device section 1 5 made of 
[Coo.5oFeo.so (3 nm)/Cu(2 nm)/Nio.68Feo.2oCoo.i2(13 
nm)/Cu(2 nm)] is formed on the insulating film 1 8 (in the 
lower portion) by sputtering. An Si3N4 film having a 
thickness of about 40 nm is further formed thereon by 
sputtering to form an insulating film 1 8 (in the upper por- 
tion). A Fe-Si-AI (having a thickness of about 2 ^rr\) Is 
formed on the insulating film 18 by sputtering to form an 
upper shield 13. 

Thereafter, the thin film magnetic head 200 is fab- 
ricated in the same manner as Example 1. Insulation is 
insufficient with the Si3N4 film having a thickness of 
about 40 nm. Moreover, in the thin film magnetic head 
200 of Comparative Example 1, leakage occurs be- 
tween the MR device section 15 and the shield section 
13 and/or 16, thus resulting in an unstable operation. 

As described above, since the thin film magnetic 
head of the present invention does not require a very 
thin insulating film between the shield section and the 
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MR device section, the problem of minimizing the gap 
of the insulating film in the conventional thin film mag- 
netic head is eliminated, and a thin film magnetic head 
for very high density magnetic recording having a re- 

5 markable narrow shield gap length can be provided. 
Moreover, when a multilayer structure exhibiting GMR 
is used for the MR device section, current flows in a di- 
rection perpendicular to the film plane in the MR device 
section, thus obtaining a large magnetic resistance ef- 

10 feet. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Ac- 
cordingly, it is not intended that the scope of the claims 
^5 appended hereto be limited to the description as set 
forth herein, but rather that the claims be broadly con- 
strued. 



20 Claims 

1. A thin film magnetic head comprising an upper 
shield section, a lower shield section and a magne- 
toresistance device section, the magnetoresistance 

2S device section being between the upper shield sec- 
tion and the lower shield section, 

wherein the magnetoresistance device section 
is connected to the upper shield section and the 
30 lower shield section through conductive layers, 

and 

current flows through the magnetoresistance 
device section via the upper shield and the low- 
er shield. 

35 

2. A thin film magnetic head according to claim 1, 
wherein the magnetoresistance device section 
comprises a multilayer structure exhibiting a giant 
magnetoresistance effect. 

40 

3. A thin film magnetic head according to claim 2, 
wherein the current flows in a direction substantially 
perpendicular to a plane of the multilayer structure. 

45 4. A thin filnn magnetic head according to claim 2, 
wherein the multilayer structure comprises a soft 
magnetic film, and the magnetization easy axis of 
the soft magnetic film is substantially orthogonal to 
a direction of a magnetic field to be detected. 

so 

5. A thin film magnetic head according to claim 4, 
wherein the multilayer structure comprises a hard 
magnetic film, a soft magnetic film and a non-mag- 
netic film formed between the hard magnetic film 
55 and the soft magnetic film, and 

the magnetization easy axis of the hard mag- 
netic film substantially agrees with a direction of a 
magnetic field to be detected. 
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6. A thin film magnetic head according to claim 5, fur- 
ther comprising an interface magnetic film mainly 
composed of Co having a thickness of about 0. 1 to 
1 nm at least one of interfaces between the non- 
magnetic film and the hard magnetic film and be- 
tween the non-magnetic film and the soft magnetic 
film. 

7. A thin film magnetic head according to claim 5, 
wherein the magnetoresistance device section 
comprises a plurality of multilayer structures. 

8. A thin film magnetic head according to claim 6, 
wherein the magnetoresistance device section 
comprises a plurality of multilayer structures. 

9. A thin film magnetic head according to claim 7, 
wherein the magnetoresistance device section fur- 
ther comprises a non-magnetic film between the 
plurality of multilayer structures. 

10. A thin film magnetic head according to claim 8, 
wherein the magnetoresistance device section fur- 
ther comprises a non-magnetic film between the 
plurality of multilayer structures. 

11. A thin film magnetic head according to claim 4, 
wherein the multilayer structure comprises a metal 
anti-ferromagnetic film, a first magnetic film mag- 
netically coupled to the metal anti-ferromagnetic 
film, a soft magnetic film and a non-magnetic film 
formed between the first magnetic film and the soft 
magnetic film in this order, and 

the magnetization easy axis of the first mag- 
netic film substantially agrees with a direction of a 
magnetic field to be detected. 

12. A thin film magnetic head according to claim 11, 
wherein the multilayer structure further comprises 
an interface magnetic film mainly composed of Co 
having a thickness of about 0. 1 to 1 nm at least one 
of interfaces between the non-magnetic film and the 
first magnetic film and between the non -magnetic 
film and the soft magnetic film. 

13. A thin film magnetic head according to claim 11, 
wherein the magnetoresistance device section 
comprises a plurality of multilayer structures. 

14. A thin film magnetic head according to claim 12, 
wherein the magnetoresistance device section 
comprises a plurality of multilayer structures. 

15. A thin film magnetic head according to claim 13, 
wherein the magnetoresistance device section fur- 
ther comprises a non-magnetic film between the 
plurality of multilayer structures. 



16. A thin film magnetic head according to claim 14, 
wherein the magnetoresistance device section fur- 
ther comprises a non-magnetic film between the 
plurality of multilayer structures. 

5 

17. A thin film magnetic head according to claim 5, 
wherein the non-magnetic film comprises a first 
non-magnetic film, a second non-magnetic film and 
a third non-magnetic film interposed between the 

10 first non-magnetic film and the second non-magnet- 
ic film, and 

the second non-magnetic film has a thickness 
of about 0.1 to 1 nm and is formed of a different 
material from the first non-magnetic film and the 
IS second non-magnetic film. 

18. A thin film magnetic head according to claim 11, 
wherein the non-magnetic film comprises a first 
non-magnetic film, a second non-magnetic film and 

20 a third non-magnetic film interposed between the 
first non-magnetic film and the second non-magnet- 
ic film, and 

the second non-magnetic film has a thickness 
of about 0.1 to 1 nm and is formed of a different 
25 material from the first non-magnetic film and the 
second non-magnetic film. 

19. A thin film magnetic head according to claim 4, 
wherein the soft magnetic film is mainly composed 

30 of NixCoyFe^, where X is 0.6 to 0.9, Y Is 0 to 0.4 
and Z is 0 to 0.3 in an atomic composition ratio. 

20. A thin film magnetic head according to claim 4, 
wherein the soft magnetic film is mainly composed 

35 of Nix.C0y.Fe2., where X' is 0 to 0.4, Y' is 0.2 to 0.95 

and 2' is 0 to 0.5 in an atomic composition ratio. 

21. A thin film magnetic head according to claim 4, 
wherein the soft magnetic film is formed of an amor- 

40 phous material. 

22. A thin film magnetic head according to claim 5, 
wherein the non-magnetic film is formed of any one 
of materials selected from Cu, Ag and Au. 

45 

23. A thin film magnetic head according to claim 11, 
wherein the non-magnetic film is formed of any one 
of materials selected from Cu, Ag and Au. 

50 24. A thin film magnetic head according to claim 17, 
wherein the first and second non-magnetic films are 
formed of Cu, and the third non-magnetic film is 
formed of Ag. 

55 25. A thin film magnetic head according to claim 18, 
wherein the first and second non-magnetic films are 
formed of Cu, and the third non-magnetic film is 
formed of Ag. 
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26. A thin film magnetic head according to claim 5, 
wherein the non-magnetic film is an oxide thin film. 

27. A thin film magnetic head according to claim 11, 
wherein the non-magnetic film is an oxide thin film. 5 

28. A thin film magnetic head according to claim 26, 
wherein the oxide thin film is formed of aluminum 
oxide. 

10 

29. A thin film magnetic head according to claim 27, 
wherein the oxide thin film is formed of aluminum 
oxide. 

30. A thin film magnetic head according to claim 5, 
wherein the hard magnetic film is formed of a ma- 
terial mainly composed of Co. 

31. A thin film magnetic head according to claim 5, 
wherein a ratio of remnant magnetization to a sat- 20 
u ration magnetization of the hard magnetic film is 
about 0.7 or more. 

32. A thin film magnetic head according to claim 11, 
wherein the metal anti-ferromagnetic film is formed 25 
of any one of materials selected from NiMn, IrMn 
and PtMn. 

33. A thin film magnetic head according to claim 2, 
wherein the multilayer structure comprises a pair of 30 
magnetic films and a non-magnetic film interposed 
between the pair of magnetic films, and 

the pair of magnetic films are a pair of soft 
magnetic films coupled in an anti-ferromagnetic ex- 
change interaction. 35 

34. A thin film magnetic head according to claim 33, 
wherein the magnetoresistance device section 
comprises a plurality of multilayer structures. 

40 

35. A thin film magnetic head according to claim 33, 
wherein the non-magnetic film is formed of any one 
of materials selected from Cu, Ag and Au. 
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FIG, 2 A 
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